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ZigBee (IEEE802.15.4) 2.9
CDMA/TDMA
IEEE802.11
IEEE802.11
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2.3.3
(A)
1
1
[11, 13]
2.10
(T2)
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2.10:
(B)
2.12
Transmission Range (TR) TR IR
‘X’ Bsel f (X)
‘X’ Carrier Sensing Range (CSR) NX
‘X’ Bcons(X)
Bcons(X) = ∑
i∈NX
Bsel f (i). (2.1)
‘X’ ‘X’
‘Y’ ‘Y’
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2.11: A
‘X’ ‘Y’ ‘X’
‘X’
‘Y’ TXY 2.11 ‘A’
Bsel f (A) Bsel f (A) = TAD ‘A’
Bcons(A)
Bcons(A) = TBA +TAD +TCA +TCF +TEH . (2.2)
IEEE 802.11 DCF CSMA/CA
RTS/CTS/ACK
Bcons(X) Bmax
29
Bmax
RTS/CTS
Bcons(X) Bmax ‘X’ CSR
30
CSR
TR
[30]
(T1)
LAN TR IR
CSR LAN
TR IR CSR
‘X’
‘Y’
‘Y’ ‘X’
CSR TR
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2.12:
2.4
32
(T1)
(T2)
33
33.1
2
Application-level QoS Routing Scheme (ALRS)
ALRS (1) Carrier Sensing Range
HELLO 2-hop
(2)
(3) QoS
34
100%
3.2
3.3
ALRS 3.4
3.5
3.2
35
CDMA/TDMA
[31, 32, 33]
QoS
CDMA/TDMA
IP PC
PDA
IEEE 802.11
IEEE802.11
Xue
AQOR
[30] AQOR (TR)
1-hop TR
Interference Range (IR)
Sivakumar
core-extraction distributed routing algorithm (CEDAR)
36
[34] CEDAR OSPF
CEDAR
3.3 ALRS: An effective Application-Level QoS Routing Scheme
3.3.1 ALRS
2.3.3
ALRS ALRS
(1) Carrier Sensing Range
HELLO 1-hop
2-hop (2)
Bcons(X) Bmax
(3)
37
HELLO
QoS
HELLO
HELLO CSR
3.3.2
3.3.3 QoS
3.3.4
38
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(a)
?@ A%BDC
E
F A%BDC
AHGIC
J A%BDC
A/KC
L
(b)
3.1: (a) HELLO (b)NIT .
3.3.2
HELLO
CSR
Neighbors’
Information Tree (NIT) HELLO
TR CSR
2-hop
CSR
CSR
39
HELLO
HELLO
CSR 3.1(a)
HELLO HELLO
ID HELLO
HELLO
1 2
1-hop
2 ‘X’ ‘Y’ HELLO
‘X’ ‘X’ 2-hop ‘Y’
‘X’
HELLO CSR
NIT: Neighbors’ Information Tree
CSR 3.1(b)
Neighbors’ Information
40
Tree (NIT) 3.1(b) ‘A’
NIT NIT d
A d-hop ID
NIT ID
A TR IR CSR
ID ‘X’
‘X’ Bsel f (X) Bcons(X) ID
ID
3.1(b)
Bcons(root)
3.2 HELLO NIT
ENT RY = {sid,seq num,src,dest, pre node,next node,alloc bw,state}
sid src
dest pre node next node
alloc bw seq num
state
41
Procedure UpdateNIT(he nodeID[], he sel f [], he cons[], length) {
/* edge(x,y): combination of node x and node y (edge(x,y) 6= edge(y,x)) */
/* C: set of combination edge(x,y) */
/* sel f tra f f (x,y): value of self-traffic on x’s children y */
/* consbw(x,y): value of consumed bandwidth on x’s children y */
/* The following three parameters show 1st element, 2nd one, and 3rd one
shown in ith line (in HELLO) */
/* he nodeID[i]: (neighbor) node (ID) shown in ith line (in HELLO),
i.e. one of neighbor node (ID) of the node which sent the HELLO */
/* he sel f [i]: value of self-traffic on he nodeID[i] */
/* he cons[i]: value of consumed bandwidth on he nodeID[i] */
/* length: the number of lines in the HELLO */
root:= root on NIT, i.e. which received the HELLO;
x:= the node (ID) which sent the HELLO;
if (edge(root,x) /∈ C) C← C+{edge(root,x)};
extend edge(root,x)’s lifetime on C;
i: = 1; TEMP = φ ;
while(i < length){
y:= he nodeID[i];
if (edge(x,y) /∈ C){
C← C +{edge(x,y)};
TEMP← TEMP+{y};
}
extend edge(x,y)’s lifetime on C;
sel f tra f f (x,y):= he sel f [i]; consbw(x,y):= he cons[i];
i++;
}
while(TEMP! = φ ){
y:= extracted one from TEMP;
if (edge(x,y) has expired) remove edge(x,y) from C;
remove y from TEMP;
}
}
3.2: NIT .
42
alloc bw
state alloc bw
Req bw
state
state
state “ACTIVE”
“ACTIVE”
‘X’ Bsel f (X) X “ACTIVE”
alloc bw
3.3 CSR
(a) E A CSR
2.11
tn tn < tn+1 HELLO(X , tn) tn
‘X’ HELLO 3.3(a)
t0 B E TR
E A B HELLO
B HELLO E
A NIT E
E B TR 3.3(b)
43
E t1 HELLO B
B E H 1-hop 2-hop
NIT B NIT
CSR
HELLO 3.3(c)
A t2 B HELLO
2-hop E NIT A
Bcons(A) Bcons(B)
Bcons(A) = Bcons(B) = TBA +TAD +TCA +TCF +TEH
HELLO
CSR
HELLO
NIT
E B TR E HELLO
B HELLO A
B E A
Bcons(A) Bcons(B)
E B
HELLO B HELLO A NIT
HELLO
44
3.3.3
RREQ /
RREP RREQ
RREP
• Route REQuest(RREQ)
RREQ RREQ
RREQ = {sid,seq num,src,dest,req bw,RL,T T L, timestamp}
RL ID
RREQ RL ID
RREQ seq num
sid
45
• Route REPly(RREP)
RREQ
RREP “Final Check”
RREP
RREP = {sid,seq num,src,dest, target id, timestamp}
3.4
ID ‘s1’
bw
(Step 1) : RREQ
sid = ‘s1′ req bw = bw RREQ RREQ
RREQ seq num ID
RREQ T T L 5
timestamp RL ID
RREQ
state RREP
’ WAIT RREP’ expired time RREP
TTL
(Step 2) : RREQ
RREQ ‘m’ RREQ
RREQ RREQ
46
T T L -1 timestamp RREQ
RL ID
m RREQ
RREQ sid sid
pre hop RREQ
ID src dest RREQ src
ID ID state
‘ACTIVE’ seq num RREQ seq num
RREQ
RREQ ‘m’
RREQ RREQ
1. T T L 1 0
2. state “ACTIVE” RREQ
seq num seq num
(Step 3) : RREP
RREQ “Final Check”
“Final Check”
“acceptance” RREQ RREP
47
state “WAIT RACK”
“refusal” RREQ
RREP RL RREQ RL ID
state
“WAIT RACK” RREQ seq num
RREQ (Step 3)
(Step 4) : RREP
RREP ‘m’ sid = ‘s1′
state = “WAIT RREP′′ ‘en’ “Final
Check” “acceptance” ‘en’
pre node RREP
next node ‘m’ RREP ID state
“WAIT RACK”
(Step 5) :
RREP sid = ‘s1′ state =
“WAIT RREP′′ “Final Check”
“acceptance” next node RREP
ID state ‘ACTIVE’ next node
‘s1’
“Immediate-Hello” “Imm-HELLO”
Imm-HELLO
48
Imm-HELLO HELLO
target RREP
ID Imm-HELLO HELLO
NIT target NIT target
next node ID
Imm-HELLO
(Step 6) :
sid = ‘s1′ state = “WAIT RREP′′
‘s1’ target ID “Imm-
HELLO”
state ‘ACTIVE’ (Step 5)
state = ‘ACTIVE ′
“Final Check” processes following three checks in rotation:
3.5 “Final Check”
“Final Check” RREP RL
5 6 CSR
RL NIT
5
bw 6
49
RL RREP
RL “Final Check” 7
1-hop 2-hop
7 13 14 22
1-hop 2-hop
“Final Check” “acceptance”
RL “Final Check”
•
DSR AODV
RREQ
50
T T L
T T L 2
3
•
RREQ RREP
state “WAIT RREP” “WAIT RACK”
expired time
delay delay
expired time delay ‘0’
expired time TTL
3.3.4
3.3.2 3.3.3
QoS
51
RERR Imm-HELLO
QoS
HELLO NIT
QoS
QoS
(1)
(2)
RERR
IP
52
IP
IP
IEEE802.11
Ov Wt
IP DATA IP
MAC “ ”
DataRate
Ttotal
Ov Wt
Ov Wt = Ttotal×
DataRate
DATA
(3.1)
Ov Wt
RTS/CTS IEEE 802.11 DCF Ttotal
contention window: CW
53
Ttotal = Tdata +Tcontrol +4×TPHY +3×SIFS +DIFS (3.2)
Tdata Tcontrol TPHY
() [35] IEEE802.11 DCF [35] 3.1
Ov Wt Ov Wt ≈ 1.71
ReqBw
ReqBw′ = ReqBw×Ov Wt
ReqBw′
3.1 Data Rate (3.1) DataRate
3.4
ALRS
AODV[16]
54
NS-2 [36]
ALRS AODV
AODV AODV
AODV
3.4.1
IEEE 802.11 DCF
3.2
random way-point
[37] (1) pause time
(2)
(3) (1)
type of speed
min Max
uniform pause time
constant min Max
type of speed “constant”
55
1500m×1500m 50
50
Constant Bit-Rate (CBR) traffic CBR
traffic CBR traffic
512 bytes CBR traffic CBR-rate
x Kbps CBR-rate “CBRx”
CBR-rate
“Load”
3.3 nodes’ speed CBR-rate Load
nodes’ speed CBR-rate Load
30
500
3.4.2
4
1. Traffic admission ratio (Ad)
56
Ad
2. End-to-end packet delivery ratio (Deli)
QoS
3. Throughput (T h)
512 bytes
HELLO RREQ RREP
4. Average end to end delay (Delay)
57
3.4.3
3.6 CBR
CBR40 3.7 CBR200
30
Load 200Kbps 3.6(a) (d) 3.7(a) (d)
ALRS AODV Ad
0.95 Deli 1 T h 200Kbps Load
Delay
Load AODV
Ad
Ad AODV
Load 400 600 800 Kbps AODV
Load T h Load Ad 0.9
Deli Delay
AODV
Load
Load Deli Delay
58
ALRS Load Deli 0.7
Load AODV Delay Load 800Kbps
AODV 25% Ad
AODV T h
AODV
HELLO RREQ RREP
3.6(c) (d) 3.7(c) (d)
Load Delay Deli
Load
Load
3.8 CBR-rate 40Kbps Load 1200Kbps 2
T h Delay 3.9(a)
(b)
59
3.9(a) 3.8
3.9(b) 3.8
30
0
3.8
Th Delay AODV
T h Delay
1/10 3.9
(a) AODV
AODV
AODV
AODV
AODV
AODV 3.8
T h Delay
2 T h
Delay AODV 3.9(b)
60
Deli
0.9 Deli AODV Deli
AODV 2
3.4.4
3.4.3 3.6 3.7
AODV T h
AODV T h
AODV Deli
Load Deli
Deli AODV
AODV Deli
Delay
61
AODV
7
3.4.5
AQOR CEDAR TR CSR
Muqattash
TR CSR
[38] Muqattash
CSR
AQOR CEDAR
CSR
62
3.5
(T1)
[16]
50%
1/4
63
64
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3.4:
Procedure FinalCheck(RL, NIT, SNIT(d), req) {
/* RL := {x | x is in route list except Destination} */
/* SNIT(d) := {x | x ∈ NIT, x is node at a depth of d} */
/* req := requested bandwidth for the session */
n:= number of nodes in RL∩NIT;
if (Bmax−Bcons(root) < n× req) return (“refusal”); /* check for self-node */
copy SNIT(1) to C1;
while (C1 ! = φ ) {
en:= an extracted node from C1;
n:= number of nodes in RL∩NIT;
if (Bmax−Bcons(en) < n× req) return (“refusal”); /* check for 1-hops */
else remove en from C1;
}
copy SNIT(2) to C2;
while (C2 ! = φ ) {
en:= an extracted node from C2;
F := {x | x ∈ SNIT(1), x has en as its child node};
E := {x | x ∈ SNIT(2), x is child of y (for y ∈ F)};
n:= number of nodes in RL∩E∪SNIT(0);
if (Bmax−Bcons(en) < n× req) return (“refusal”); /* check for 2-hops */
else remove en from C2;
}
return (“acceptance”);
}
3.5: Final Check
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3.1: IEEE802.11 DCF (DSSS) .
MAC header(*1) 28bytes
PHY header(*2) 24bytes@1Mbps
RTS/CTS/ACK(*1) 20/14/14 bytes@1Mbps
Basic Rate(*3) 1Mbps
Data Rate 2Mbps
Slot Time 20microsec
SIFS/DIFS 10/50microsec
CWmin/CWmax 31Slot/1023Slot
(*1) FCS (4 bytes) is also included
(*2) Total of PLCP preamble and PLCP header.
(*3) Basic Rate is used to send control frame
such as RTS/CTS/ACK and PHY header.
3.2:
radius of TR 250 m
radius of CSR 550 m
RTS Threshold 0
channel Data Rate 2Mbps
initial position randomly (based on uniform distribution)
mobility pattern random way-point
pause time, type of speed 0, “constant”
3.3: speed CBR-rate Load
nodes’ speed 0, 2, 5, 10 m/sec
CBR-rate 40, 200 Kbps
Load 200, 400, 600, 800, 1200, 1600, 2000 Kbps
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3.6: CBR40 30
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3.7: CBR200 30
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3.8: CBR40 Load
= 1200Kbps (excessive)
(moderate)
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3.9:
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44.1
P2P
(T2)
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1.31
1/4
(Ap-
plication Layer Multicast ALM
ALM
4.2 4.3
4.4
4.5
4.2
Overcast[13]
Min [11]
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Min [11]
4.3
4.3.1
ALM
ALM
ALM
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4.1:
ALM
4.3.2
4.1(a)
ALM
[39]
4.1(b)
74
N S s
Ts i, j ∈ N s ∈ S
4.1
(4.1) (4.2)
Lini ≥∑
s, j
sB j,i, Louti ≥∑
s, j
sBi, j ∀i (4.1)
sBrn−1,rn ≥ sBrn,rn+1 ∀s, i (4.2)
(4.1) (4.2) Louti Lini sBi, j 4.1
r0,r1,r2, . . . ,rl s = r0 i = rl
200 ms [40]
Dmax = 200(ms)
75
4.1:
Louti i
Lini i
sDi, j Ts i j
i j
di, j i j
i j
sRi Ts i
i
sB j,i sRi j
sLi Ts s i
i
(4.3)
sDs,i =
l−1
∑
k=0
drk,rk+1 ≥ Dmax ∀s, i (4.3)
(4.3) sDs,i drk,rk+1 4.1
(4.1) (4.2)
(4.3) (O1) (O2) ALM
(O1) Maximize min(sRi) of all {s, i}
(O2) Maximize ∑s,i sRi
76
(O1) (O2) sRi 4.1
4.3.3
ALM
4.2 1 i Ts
i j Ts
( 4.2(a) (1) (4)) j
i j ( 4.2(b))
ALM
4.3.7
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4.2:
4.3.4
IP OS
ADSL FTTH
[41] 4.2
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4.2: i ∈ N
s
pi i
Csi i
sRi i
sDs,i i
LCsi i
4.3.5
2
1.
2.
79
i j sDs,i = sDs, j +d j,i
•
•
i j di, j
di, j
sLi
4.1 Ts i
sLi 4.3.3
sLi ALM
Dmax
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4.3.6
ALM
x ALM
x
4.3.7
S A A
C A P (Step1) (Step2)
(Step1) A C
P
(Step2) P S
4.3 C P
(Case A) 4.4 C P
(Case B)
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4.3: (Case A)
4.3 (Case A)
A C P A
P C
4.4 (Case B) A C
S S C
(Case A)
C P
(Case A) 4.3 (A-1) (A-3)
(A-1) P CsP← CsP−{A}
(Step2) P
(A-2)
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4.4: (Case B)
(A-3) C CsC←CsC +{A}
A
C A
(Case B) 4.4 (B-1) (B-2)
(B-1) (Step2) S
S C S P (Case B)
C
(B-2) C CsC←CsC +{A}
A
C A
A C
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A C
4.4
4.4.1
Java
ALM
n
n n
ADSL FTTH
1
1
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4.3: 1
0 1 2 3 4 5 6 7
(Mbps) 80 80 70 70 70 60 60 60
(Mbps) 30 30 20 20 20 10 10 10
(ms) 10 10 20 20 20 30 30 30
(ms) 10 10 20 20 20 30 30 30
unit unit
1 unit 3
4 12 unit
5 unit
4.4.2
ALM
8
8 8
4.3 50
50 4.5
unit Ave
Standard deviation
Median 25% 25th percentile Min
y y
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4.5 25%
150 unit
4.4.4
200 ms
4.3
1/10 4.6 4.5 4.6
4.4.3
ALM
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4.4.2
4.3 4.4 4.5 2
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4.6: 1 1/10
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4.4: 2
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4.4.4
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4.6:
pattern 1/best case 99.04 34.95
pattern 2/pretty good case 227.60 82.88
pattern 3/not good case 134.92 70.18
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4.5
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